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(54) MATEPHAfl HA OCHOBE MHPKOHHfl 

(57) Pe<£epaT: 

MaTepna/i Ha ocHOBe mkpkohma 
npeflHaaHaneH Ana npHMeHewnfl b KaMecrBe- 
KOHCTpy K14 n o h h o ro MaTepnana aKTMBHoPi sohw 
aroMHbtx peaioropoB. Marepnaji Ha ocHOBe 
Mhpkohma coAepKMT, iwac. % : HMo6nfl - 0,5 - 
1,5;.ojiobo - 0,9 - 1,5; 5fce/ie3o - 0,3 - 0,6; 
xpoM - 0,005 - 0,2; ymepofl - 0,005 - 0,04; 
Kuc/iopofl - 0,05 - 0,15, xpeMHua - 0,00*5 - 
0.15. UMpKOHnCi - ocTa/ibHoe, npuneM 
ctKpyicrypa MaTepwana npeflCTaarweT co6o* 
MeTajin m 4 eocy k> Marpm^y, ynpoHHeHHyto 
o/iOBocoflep>Kau4MMn n jKeneaocoflepKau^MMM 
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(72) H3o6peTaTenb: HmcynMHa A.B., 
MapKenoB rm., MapxesioB B.A., rieperya 
M.M. , Mbbhob A.H., LUe6anflOB n.B., JIochlikhm 
A.cp., flyBpoBCKMM B.A., 5n6n/iaiiJBM/ivi 

KXK. , KoTpexoB B.A., Ky3bMeHKO H.B. 
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MHrepMeran/iMAaMM c o6"beMHbiM coflep^aHneM 
cyMMbr MHTepMeTaJi/iMAOB Zr(Fe, Nb) 2 +Zr(Fe, 
Cr, Nb)+(2r, Nb) 3 Fe He MeHee 60% ot o6u4ero 
coAepxcaHfm «cejie3ocoflepKau^nx 
MHTepMerannnAOB npn paccro*HMH iwewAy hmmm 
0,30 0,30 ± 0,09 0,09 mkm. C&otfcTBa canaBa 
cneflyromne: npHBec b boa© aBroicnaBa npn 
reMnepaType 350°C, AaBnennn 168 3tm, 3a 
3000 r - 50 - 80 Mr/flM 2 , Aec£opMannfl 
paAnamiOHHoro pocTa npM cfc/iioeHce 
^-lO 22 ^ 2 /E^O.1 MSB/, - 0.25 - 0,75%. 2 
Ta6n. 
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(54) ZIRCONIUM -BASE MATERIAL 

(57) Abstract: 

FIELD: metallurgy. SUBSTANCE: 
zirconium-base material has, wt.-%: niobium 
0.5-1.5: tin 0.9-1.5; iron 0.3-0.6; chrome 
0.005-0.2; carbon 0.005-0.04; oxygen 
0.05-0.15; silicon 0.005-0.15, and zirconium 

the rest. Structure of material is 
metallic matrix strengthened by 
tin-containing and iron -containing 

intermetallids with volume content of total 



(71) Applicant: 

Vserossijskij nauchno-issledovatel'skij 
institut neorganicheskikh materialov 
im.A^A.Bochvara 

(72) Inventor: Nikulina A.V., 
Markelov P.P., Markeiov V.A., Peregud 
M.M. , Wanov A.N., Shebaldov P.V., Lositskij 
A.F. , Dubrovskij V.A., BibilashviM 

Ju.K. , Kotrekhov V.A., Kuz'menko N.V. 

(73) Proprietor: 

Vserossijskij nauchno-issledovatePskij 
institut neorganicheskikh materialov 
im.A . A.Boch va ra 



intermetal/ids Zr(Fe, Nb)2+Zr(Fe, Cr, Nb)+(Zr, 
Nb) 3 Fe 60% (not less) of total content of 
iron-containing intermetallids at the 
distance between of their 0.30 ± 0.09 mem. 
Alloy properties: overweight at 350 C, under 
pressure 168 atm above 3000 g - 50-80 mg/sq. 
dm, deformation of radiation increase at 
fiuence S^.IO^cm* 2 (E * 0.1 mev), 
0.25-0.75%. EFFECT: enhanced quafity of 
material. 2 tbl 



o 

CM 
CO 

o 

=> 



ro 
o 
o> 
ro 

CJI 
CO 



O 



ro 

co 
ro 

to 
O 



H3o6peTeHne othochtch k 

KOpp03MOHHOCT08KMM CTUiaBaM HB OCHOBe 

HupKOHHH, wcnojib3yeMb(M b KanecTBe 
KOHCTpyKM^ioHHwx MaTepwanoB aKruBHofi sohu 
aTOMHbtx peaicropoB. 

K yicaaaHHbiM cnnaaaM npeAbasnfleTCfl 
Lienu^ p«fl TpeeoBaHMfi no npoHHocTHbiM 

XapaKTepMCTMKaM, KOppOSHOHHOfl CTOflKOCTH B 

boa© w b cpefle BbicoKOTeMnepaTypHoro 
BOAflHoro napa, no ctoHkoctm k 

H aBOAOpO)KVtBaHMK), COnpOTUBneHMK) 

pafluaqnoHHOMy pocrry m non3yMecrn. CnnaBbi 
AO/iXHbi o6naflaTb bwcokkmh 

TexHonorMMecKMMM xapaiaepwcTHKaMM, 
nocKonbicy npeAHa3HaMeHbi Ana M3roToaneHHfl 

TO H KOCTOH H bDC Tpy6 AHA OOOnOMeK TB3HOB, 

AHCTaHL^MOHMpyioi^i4X peiueroK k APyrwx 

KOHCTpyKTMBHblX 3fteMehfTOB aXTMBHOM 3DHbl. 

KsaecTeH cnnaB Ha ocnoBe LjwpKOHvm, 
coAep^a^^^ otiobo, hmo6h8, «cene30 m 
Hen36excHbie npMMecM [1] HeAocTaTKOM 3Toro 
cnnaaa aBnaeTcfl noHWKeHHaa TexHonorwHHocrb 
scneACTBue o6pa30BaHtf« b cTpyKrype Ha 
paHHtix cTaAHJix nepeAena CTponeMHoro 
pacnono>KeHMfl KpynHwx ycTo^Mnawx 
m h TepMeTanji n ao b . 

H3BecTeH cruiaB Ha ocHOBe umpkohmh, 
cnocoo" ero M3roroBneHHfl w cnoco6 nonyneHM* 
H3Aenn8 M3 Hero [2] BKnraMajoti^nCi nonyMeHwe 
caMoro cnnaBa m cneAytoii^MX wtHrpeAneHTOB, b 
Mac. HMOOwfl 0,5-2,0; onoso 0,9-1,5; TpeTMfl 
KOMnoHeHT H3 rpynnw, KOTopyto cocTaanfltoT 
>Ke/ie3o, xpoM, MO/in6AeH, BanaAM^, MeAb, 
HHKe/ib, BOJibcppaM 0,09-0,11; m l^pkohhB 

OCHOBa. 

MsAennfl, wsroTOB/ieHHbie no M3BecTHOMy 
cnocoSy, o6naAaioT HeAOCTaTOMHo wmpokmm 

KOMnJieKCOM KOpp03KOHHblX CSOfiCTB, B TOM 

Mi/tcne HeAocTaTOMHo BbicoKHM conpomBneHweM 
HOAynflpHoPi Kopp03nn b KwnatAea BOfle. OAHaKO 
b nareHTe ne oroBapMBaeTca cocTaB 
MHTepMeTanniiAHOM 4>a3bi, KOTopaa oTBenaeT 3a 
o6o;nPi ypoBeHb Koppo3MOHHbix cbo^ctb omasa. 
noHMKeHHoe coAepraHwe >Kene3a He noaBonaeT 
nonyMHTb onpeAeneHwoe cooTHOiueHne 
pa3JiMMHb[X >Ke/?e30coAep>KamMX 
MHTepMeTannnAOB, mto chw>K36t cTaownbHOCTb 

M ypOBeHb KOpp03MOHHblX CBOMCTB. 

Lje/ibKj M3o6peTeHHfl HanReTca noBbiiueHne 

KOppOSMOHHOft CTORkOCTM B BOA©, B TOM MMCJie 

Kun^iAeiH, (npuBec b boao npw 350 °C v\ 
AaBJieHMM 168 arM), noBbiujeHne 
conpoTUBneHMH paAMat^oHHOMy pocry n 
non3yHecT« npn oonyMeHMw b npoqecce 
aKconyaTai^MH. 

npeAnoKeHHbiv? cruiae b omwHue ot 
npoTOTuna o6naAaeT sbicoKMMM npoMHocTHbiMM 

XapaKTepMCTHKaMM, KOppOSHOHHOft CTOWKOCTbJO B 

boa© b ycnoBHflx KwneHMH, bucokmm 
conpoTMBneHneM paAHaqwoHHOMy pociy h 
non3y4ecrw. Han6ojiee cymecTBeHHbiM 
ot/imhugm cnnaBa ot Apyrwx M3BecTHbix 

L^HpKOHMeBblX Cn/iaBOB flBflfleTCfl TO, MTO B 

npoLiecce Hei^TpoHHoro o6nyqeHn« ero 
CTpyiaypHo-cf)a3OB0e cocTOAHne craHOBHTCfl 
6o/iee paBHOBBCHbiM, BbiAenewMn BTopbix o>a3 
coxpaHPWT CBoe KpwcTannkwecxoe 
CTposHne, a <c> KOMnoHeHTa A^cjioKaqnoHHbJX 
neTe/ib npaKTHMecKM He o6Hapy»cviBaeTcn ao 
(pmoenca 5,4 xxlO 26 m* 2 (E s 0,1 MaB). 3tmmm 

OC06©HHOCTWMM o6"bflCHflMDTCfl 6one© BbJCOKafl 

croPiKocTb cnnaBa k HOAyxinpHoA Koppo3nw npn 
o6/iyM6HMn b npouecce SKcnnyaTa^UM b 
peaicropax c Kunnmeft boao^ \a noBuiueHHoe 
conpoTMB/ieHHe paA^annoHHOMy pocTy h 
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nonsyMecTM. 

B paMKax M3o6peTeHnn npeAnoHceH cnnaa Ha 
ocHOBe m^pKOHMfl, coAep>KaiAMft hmo6mCI. onoso. 
>Kene3o, xpoM, yrnepoA, kmctiopoa, xpeMHufi m 

HaCTHlJbJ BTODOfi C^aSbl, paBHOMepHO 

pacnpeAeneHHbie " a MaTpmje cnnaBa. 

OT/lMHaiOU^VlRCfl TeM, HTO B K3HeCTBe M3CTM14 

BTopo^ efiasbi o6H3aTe/ibHo npucyTCTByjoT 
nHTepMeTannnAbi Tuna Zr(Fe, Nb>2 m/mxiw 
(Zr.Ai) 3 Fe nMnvi Zr (Fe.Cr.Nb) m/htim ZrFe3 w 
Zr4Sn m/hhw! Zr^Sn^ npwMeM cpeflHee 
paccTOAHne Me>KAy HHTepMeTan/iMAaMn, 
coAep)Kau4MMM weneso, He aohxcho npeBbiiuaTb 
0,30 0 t 09 mkm, npn cneAyromeM cooTHOiueHUM 
KOMnoHeHToa, Mac. hho6hP* 0,5-1,5; o/iobo 
0,9-1,5; weneso 0,3-0,6; xpoM 0.005-0,2; 
yrnepoA 0,005-0,04; KucnopoA 0,05-0,15; 
KpeMHMtH 0,005-0.15; qwpKOHMfl ocTanbHoe, 
npuveM o6t»eMHoe coAepKaHne Zr (Fe,Nb)2 + 
(Zr, Nb)3Fe + Zr (Fe,Cr,Nb) ao/wkho cocTaanaTb 
He Menee 60% ot o6*mero coAep)KaHMP 
WHTepMeTan/iMAOB, coAep^atM^x jKeneso. 

OTnHMneM ero ot M3secTHbix cnnaBOB 
flBJiaeTCfl AononHMTenbHoe BBeAeHne xpoMa, 
nosbiiiieHHoe coAepacaHwe Keneaa m KpeMHMfl, 
mto cnoco6cTByeT cfjopMnposaHMK) a cn/iaBe 
6onee MenKOAMcnepcHOi* m oahodoaho^ 
CTpyicrypbi. HanMMMe b MaTpnue 
MHTepMeTan/iMAOB Twna Zr (Fe,Nb)2 m/mjih 
(Zr,Nb) 3 Fe m/mjim Zr,Nb)3Fe n/nnn Zr (Fe T Cr, 
Nb) paaMepaMH He 6onee 0,2 mkm, 
cocTaanflK)mnx ne MeHee 60% o6iAero o6"beMa 
>Kejie3ocoAep>KaiAMX MHTepMeTannnAoa co 

CpeAHMM Me>KMaCTM4HblM paccTosHweM He 
6onee 0,30+ 0,09 mkm, o6ecneMMBaeT cnnaBy 
6onee BbicoKyto o6iAyto Koppo3MOHHy»o 
CToRKocTb, Btcntovan noBbraieHHoe 
conpoTnaneHne HOAynspHOM KOpp03nn. 
rioHWKeHHoe coAepacaHHe w OTcyTCTBwe 
cTpoweHHbix CKonneHM^ KpynHee 0,4 mkm MacTM4 
0a3bi ZrFe 3 y«e Ha paHHMX cTaAunx 
nepepaGoTKM cnnTKa o6ecneqnBaeT cnnaBy 
6onee BbicoKyio TexHonorMMHOCTb m 
noBbiujeHHbi^ 3anac ba3koctw b totobom 
M3Aennw no cpaBt-teHMH> c [1] 

Hani/tnue onpeAeneHHoro KaqecTBeHHoro m 
KonMMecTBeHHoro cocTaBa MHTepMeTanriMAOB m 
cTpytcrypbi o6ycnaannaaeTc« He Tonbico 
npeAAOJKeHHbJM XMMkmecjcuM cocTaBOM, ho m 
onpeAeneHHO^ oopaooTKofi, KOTOpwe npKBOAf t 
k yBenvmeHMto CTa6nnbHoc™ CTpyxTypbi m 
cbomctb npwi o6nyMeHnw b npoi^ecce 
GKcnnyaTai^vni. 

fl p w m e p. Bbinn BbinnasneHbi mbtoaom 
BaKyyMHOM an a b km cnnaabi, coRep)Ka\s\vie 

KOMnOHeHTbl B KOJ1 HH eCTBaX , COOTBeTCTSyJOlAMX 
rpaHUMHbfM, CpeAHMM H SarpaHMMHbiM 

3HaweHHflM. YKa3aHHbie cruiaBbt 6binn 
noABepmyTbi no/iHOMy nepeAeny, 

MMMTMpyiou^eMy M3roTOBneHne 
nonycf)a6pMKaTOB, a MMeHHo ropflne^ 
Aec>opMai4iiM kobkoK, p-3aKaiiKe, npeccoBaHMio 
B BepxHeC^ MacTM a-o6nacTM, n Aanee 
xonoxvnonpoKaTHOMy nepeAeny c npoMe- 

>KyTOMHblM a-OTKHraMM, MTO n03BOJ1fleT 

nonynnTb HaCop m HTepMeTa/m haob 
onpeAeneHHoro cocraaa. 

l/l3o6peTeHvte tinruocTprtpyeTcn npuMepaMM, 
npuBeAeHHWMM b Ta6n.1,2. 8 Ta6n.1 AaHbi 
cocraabi cnnasoB no ui3o6peTeHMK>, npoTOTwny n 
aHanory. B Ta6n.2 npuseASHbi xapaKrepucTMKM 
3TMX 06 pas HOB. 

CpaBHSHne xapatcrepMCTMK npeAnoxeHHoro 
n n3BecTHoro cnnasa (no npoTOTuny) 
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noKa3biaaeT, mto npeAnoweHHbit* canas 
o6naAaeT 6onee BbicoKKMH Koppo3noHHbjMn 
xapaicrepucTMKaMM b boas npn TeMnepaType 
350°C n AaanaHMM 168 aTM 3a 3000 h m 6o/iee 
HM3Kofi Aecfcopwiamiefl paAnaqnoHHoro pocra 
npw cfcjiioeHce 5,4 10 26 m' 2 (E * 0.1 M3B), mto 
o6*bHCH*eTCfl BbicoKofl cTa6nnbHOCTb»o npn 
oGnyMeHUM b npoijecce 3KcnnyaTaL*wn 
OopMyna n3o6peTeHkm: 

MATEPHAJ1 HA OCHOBE UUPKOHUIfl, 
coAepacauuMfl hho6h8, o/ioBo. jtceneao, xpoM,' 
yrnepoA. KMcnopoA, fcpeMHMfl, oT/MHaioiuMflca 

T6M, MTO, OH COA3p>KMT KOMfTOHeHTbl B 

cnQfiytouxeM cooTHoweHHM, Mac. 
Hmo6mm 0,5 1,5 
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15 



Ohobo 0,9 1,5 
Kejieao 0,3 0,6 
XpoM 0,005 0,2 
YmepoA 0,005 0,04 
KMcnopoA 0,05 0,15 
KpeMHHii 0,005 0,15 
Umpkohmm OcranbHoe 

npimeM crpyKTypa MaTepwana npeACTaBnaeT 
co6ofi MeTan/iMMecKyio MaTpni^y, ynpoMHeHHyto 
oflOBOcoAepxamHMM w >Ke/ie30COAep>Kati{MMn 
MHTepMeTarmMflaMM c o&bMHbiM coflep>KaHneM 
cyMMbi MHTepMefannMAOB 

Zr (Fe, Nb)2 + Zr (Fe. Cr, Nb) + (Zr, Nb) 3 Fe 
ho M6Hee 60% ot o6mero coAepKaHM« 
)Ke/ie3ocoAep>Kamnx MHTepMerarviMAOB npw 

paCCTOflHHM MG>KAy HUMH (0,30 ± 0,09) MKM. 
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T a 6 /i vi u a 2 



06paaeu 


ripMBeC 8 BO AC 3B- 

TOKjiaBa npw Tew- 
nepaType 350°C, 
AaB/ieHMvt 168 

3TM, 3a 3000 M 


Ha/iMMwe KpynHbix 

HacTnu <t>a3u 
ZrFe3 noc/ie o6/iy- 

MeHMfl ao <{)/lK5eH- 

ca 5,4 * 1 0 26 cm* 2 
(E >0.1 MaB) 


^e<t>opMai;M» pa- 
AMaunoHHoro poc- 

Ta npw <t>/iioeHce 
5.4 • 10 2S cm" 2 (E> 
>0,1 MsB), % 
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